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Efforts are underway to reform U.S. healthcare by containing expenditures that are increasing at about 15 percent annually and by providing healthcare benefits to all Americans, principally the 46 million uninsured and 25 million "underinsured" or those without comprehensive coverage, e.g., prescription drug benefits (Hanna, 2009; Senate Finance Committee, 2009 ). This is not an easy task. Determining the most beneficial treatment for a patient at a reasonable cost is de-emphasized by insured Americans' demands for immediate access to the latest medical and pharmaceutical technologies (Aaron & Ginsberg, 2009 ). Consequently, spending on U.S. healthcare delivery is more than optimal because it ignores the cost component of the cost-quality-access optimal healthcare delivery equation (Ibid., 2009 ).
Meanwhile, healthcare expenditures are increasing for all self-insured organizations to include corporations, government entities and Taft-Hartley plans, which are providing over 60 percent of healthcare benefits for all Americans (Lyke, 2009) .
Executive Summary
While self-insured companies cannot change the behavior of all the stakeholders in U .S . healthcare delivery, they can control their expenditures . One way to accomplish this is an audit system that effectively identifies claim errors. It can be argued that for health-plan auditing to be truly effective, it should achieve Six Sigma goals, which, within the Quality Improvement Process, include meeting organizational objectives, utilizing the organization's resources efficiently and attaining desired results, such as "zero defects" (Russell, 1998; Juran, 2004) . These goals are important for any company but especially for one dealing with millions of medical claims where a single claim can be worth thousands of dollars, as well as be an indication of a much larger problem .
The objective of this study is to examine the implications of two approaches to auditing medical claims data . One is 100-percent-of-claims auditing that analyzes every aspect of every claim and the other is an auditing methodology based on random-sampling, usually involving 300 to 400 claims . In so doing, we will compare the relative efficacy of this specific 100-percent-of-claims auditing methodology with random sampling, as well as establish the basis for identifying and quantifying claim errors missed . Alarmingly, a recent study contends that the U .S . healthcare delivery system wastes between $600-850 billion annually (Truven Health Analytics SM , 2009 ) . This poses a particularly daunting challenge for self-insured employers, who fund about 78 percent of the costs . However, one of Six Sigma's systematic approaches to auditing can address escalating expenses, as well as identify the source of wasted healthcare expenditures (Towers Perrin, 2009; Krouwer, 2004) .
Lierature
Over 30 years ago, Deming (1979) shared concerns about random sampling, and more recently, others extended them to emphasize that auditors must also be concerned with detecting errors which can result in financial misstatements (Srinvastava & Shafer, 1993; Ponemon & Wendell 1995) . Given the projections for the increases in healthcare expenditures for self-insured companies and waste due to unidentified sources of waste, they invite further investigation about random sampling, or more specifically:
What type of auditing is optimal for a self-insured organization to contain healthcare expenditures?
health plan auditing: 100-percent-of-claims vs random-sampling audits
Research Methodology
Virtually all self-insured organizations provide medical insurance for their employees and retirees . In the case of large plans, this generates thousands of claims costing millions of dollars on a monthly basis . Data from two companies, Company A and Company B, were used to examine the implications of two approaches to auditing medical claims data: auditing based on an analysis of 100-percent-of-claims and random sampling . Both Company A and Company B are Fortune 100, self-insured corporations that provide medical benefits to their employees and, consequently, generate thousands of medical claims .
The data sets for this study were provided by Healthcare Data Management, Inc ., (HDM) . This audit and health plan analytics company is capable of conducting a 100-percent-of-claims analysis, scrutinizing every aspect of every claim following a proprietary, five-step protocol that includes an onsite audit to confirm the logic of the analysis . HDM refers to data that have not yet been subjected to the onsite audit as "pre-audit data" and to data that have undergone the onsite logic check as "post-audit data ."
The Five-Step Protocol
This protocol applies to HDM's 100-percent-of-claims analysis, and consists of the following steps:
Data Warehouse
HDM downloads all of the data from steps 1 and 2 to a centralized standard data warehouse . There are other types of "100-percent-of-claims" audits . For example, there is the "focused audit," which scans 100 percent of the claims for the audit period, looking for claim errors (exceptions) that fit a predetermined profile, e.g. incorrect co-pays collected during office visits in an outpatient setting. On the other hand, HDM's approach does not focus on a particular profile, but examines for all possible exceptions . Both "100-percent-of-claims" methodologies aim to keep the administrator, or, in the case of a prescription drug audit, the Pharmacy Benefits Manager (PBM) compliant with plan documentation .
Additionally, many audits are conducted today that employ a random-sample methodology, which simply extracts and analyzes a 300-to 400-claim sample from the universe of claims . In such a case, only a percentage of these 300/400 random sample claims will be exceptions .
For the purpose of this study, we assumed the best the random sample methodology could do was to extract 100 percent of the exceptions . As a result, we used the data sets of exceptions from the HDM 100-percent-of-claims methodology to stimulate the random-sampling process .
In this study, data from one of the two companies, Company A, spanned over two years and included preaudit and post-audit data . The number of claims records was over 54,000 for the two years . The dollar amounts of the claims paid were $12 .8 million in the first year and $12.5 million in the second year. The second company, Company B, was larger and had about 464,000 claims that totaled about $118 .4 million in claims paid . Both companies' initial data are illustrated in Table 1 below .
The entire population of claims data for all the data sets was subjected to HDM's 100-percent-of-claims analysis, resulting in exceptions-only data sets . These exceptions data sets were subsequently used to conduct random-sampling simulations . 
Number and Dollar Amounts of Over and Underpayment Claims Exceptions
The number of exception claims HDM's 100-percent-of-claims analysis produced ranged from 4 .4 percent (post-audit data) to a high of 15 .5 percent (pre-audit data), i .e ., a high of 15 .5 percent of all the claims were exceptions during the pre-audit and a low of 4 .4 percent of all the claims that underwent the onsite logic check were exceptions .
Importantly, the dollar amount of exception claims ranged from a low of 4 .6 percent of total claims paid (pre-audit) to a high of 24 .7 percent of (pre-audit data) as indicated in Table 2 below .
Additionally, the dollar amounts of the over and underpayment exception claims were significant. They ranged from a low of $1.3 million on post-audit data for Company A to a high of $5 .5 million for Company B . Overall, the dollar amounts of overpayments and underpayments ranged from 10 .4 percent to 16 .8 percent of the exception claims . This represents a range of $ .19 million to $ .76 million and is depicted in Table 3 below . 
Distribution of Claims Execptions
Furthermore, as shown in Figures 1-4 
Results
For each exception data set, two sets of simulations were performed: 1) 100 random samples of 300 exceptions were generated, and 2) 100 random samples of 400 exceptions were generated .
These random samples represented the best analysis random-sampling auditing could achieve in data sets determined by HDM's 100-percent-of-claims methodology . Thus, randomly sampling from HDM's data set missed a significant amount of overpayment and underpayment claims .
For both sets of 100 samples (sample sizes of 300 and 400), the average dollar amount of claims paid, the average amount of overpayment records, and the average underpayment claims were determined . Each of these random sample estimates was statistically close to their "population of exceptions" parameters identified by the 100-percent auditing .
The results from the 100 random samples of sample size 300 were compared to the "population of exceptions" determined by HDM's 100-percent-of-claims methodology and are depicted in Table 4 . On average, the 300 random-sampling missed from $1 .2 million to $5 .4 million of the total amount of claims paid . Additionally, the random samples missed overpayment claims ranging from about $150,000 to $700,000, as well as underpayment claims ranging from approximately $24,000 to $85,000 .
We similarly analyzed the 100 random simulations of sample size 400, as depicted in Table 5 . The 400-sample size simulations missed from $1 .2 million to $5 .4 million of the dollar amount of the exception claims paid . For overpayments, the amount missed was $145,000 to $688,000 . For underpayments, it was about $24,000 to $58,000 . Statistically Correct, But Wrong, Approach
While the 300-and 400-sample size produced statistically valid estimates of exception medical claims, that should not be the purpose of the health-plan-claims audit . The objectives of this type of audit should be to identify the root causes of the errors and, ideally, to eliminate them completely or at least minimize them . The only way these objectives can be met is by 100-percent-of-claims auditing that served as the benchmark for this study .
Comparing 100-Percent Auditing and Random-Sample Auditing
When compared head-to-head with random-sampling, the 100-percent-of-claims auditing methodology we used as a benchmark, of course, identified more claims than the random-sampling approach . However, our study results show that the randomsampling approach missed a significant proportion of claims paid amounts. Note that increasing the random sample size from 300 to 400 did not significantly identify more errors. For example, the 300-sample size identified an error range between 1.4 and 8.2 percent while the 400-sample size identified an error range between 1.9 and 10.8
percent . This fact notwithstanding, even the higher sample size still missed over 90 percent of the claim errors . Translated into dollars for the over and underpayment exceptions, it ranges from about $200,000 to over three quarters of a million dollars .
Discussion
The results of 100-percent auditing were significantly different and better than the results of auditing based on random-sampling . What's more, 100-percent auditing also depicted employee healthcare utilization more accurately . Conversely, randomsampling failed to identify a significant amount of claim errors, which translated into appreciable financial losses. Furthermore, random sampling missed the opportunity to identify the root causes of claim errors that were not identified by the audit.
For example, the 100-percent-of-claims methodology determined over 800 claim errors
for Company A at the claim amount of approximately $400 in Figure 1 and over 300 claims for Company B at the same claim amount in Figure 3 . When these claims were queried, emergency room and office visits were identified for Company A and lab tests and x-rays were identified for Company B. The benchmark 100-percent of-claims audit methodology enabled identification of the types of services that caused these claim exceptions . Importantly, it also established the possible basis for more sophisticated Six Sigma auditing techniques, such as failure mode effects (and criticality) analysis (Krouwer, 2007) .
When the 300-sample and 400-sample size results were reviewed in financial terms, they failed to identify significant amounts of money. The 300-sample size missed from This encompassed overpayment claims ranging from $145,000 to $688,000 and underpayment claims ranging from about $24,000 to $58,000 .
Random Sampling Missed Over 90 Percent of Claims Errors
Random sampling missed over 90 percent of the claims errors or from about $200,000
to over three quarters of a million dollars in over and underpayment exceptions . In any economy, these are significant losses. At a time when healthcare expenses are escalating for all U .S . healthcare delivery stakeholders, particularly self-insured companies, this is especially concerning . As noted in Six Sigma philosophy, auditing needs to be conducted at an acceptable level of risk and concerned with detecting all errors that can result in underestimating or missing financial losses (Deming, 1979; Johnson 1984) .
Conclusions/Implications For Future Research
Based upon our simulations of these companies, the 100-percent-auditing methodology uncovered approximately $145,000 to $700,000 in overpayments to $24,000 to $85,000 in underpayments as opposed to the random-sampling methodology. Clearly, these findings provide an incentive for plan sponsors to question why they are using a random-sample methodology to audit their employee health plan . Futhermore, in addition to generating information about claims data, 100-percent auditing enables self-insured companies to shift their focus from concerns about what they are missing to identifying the root causes for claim errors and, thereby, eliminate those causes .
Implications
From a practical perspective, the results of this study suggest that all corporations, government entities, and Taft-Hartley plans relying on random-sampling methodologies for health plan auditing should consider 100-percent-of-claims auditing of some type . From the perspective of the Quality Improvement Process, 100-percent auditing, as studied, is a definitive step toward "zero defects." It meets the requirements of the cost-quality-access optimal healthcare delivery equation because it results in cost containment, and enables greater access and quality through more appropriate use of healthcare delivery resources. (Aaron & Ginsberg, 2009) . It is a sustainable effort that is consistent with efforts to reform U .S . healthcare .
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